In this work we propose a methodology which permits the risk analysis and classification of occupational accidents in industrial settings. Data used in this study corresponds to accidents that occurred in the furniture industry in Portugal in 2010. A loss random variable is constructed in order to model the number of lost days implied by different contact modes of injuries in industry. The corresponding risk measures, such as Value-at-Risk, expected loss, loss variance and exceedance probabilities are determined in order to analyze and classify the contact modes according to their risk level, allowing the identification of the most problematic and the less problematic accident category in this industry. Contact with cutting, sharp, rough material was the most problematic whereas contact with electrical current, temperature, hazardous substance was the one with lower risk level.
Introduction
Furniture industry is one of the most important sectors of activity in Portugal, in particular in north and center of the country, underpin a significant part of this region economy [1] . This sector is dominated by small and medium-sized enterprises (SMEs) [2] . Like other SMEs, also furniture industry face several challenges, such as competition, turnover, ageing workforce or limited resources (human, financial and technological) [3] [4] [5] [6] [7] . These companies have also more difficulties with risk assessment process [5, 1] ; as a consequence, poor work conditions are expected. Rodrigues et al. [1] in a study involving 14 small and medium-sized Portuguese furniture industries, found that these enterprises face several problems related to the use of unsafe machines, unsafe behavior and manual work.
Considering this scenario, it is not surprising the high number of occupational accidents in furniture industries [1] . Understanding the key scenarios related to occupational accidents in the furniture sector, as the probability of resulting in some damages to workers (consequences), appears of paramount importance in order to identify critical areas of intervention and help both authorities and enterprises to support decision-making and define an effective risk management strategy.
To this end, risk analysis can provide important information about accident events in furniture industry. Risk analysis is a process that involves developing an understanding of the risk, providing an input to decision making process (ISO 31000:2009). However, because SMEs lack sufficient accident information at the company level, several researchers recommend the use public statistics to support decision-making process about the risks related to occupational accidents (see e.g. Rodrigues et al. [8] , Carrillo-Castrillo et al. [9] , Jacinto & Silva 10]).
The Value-at-Risk (VaR) is a risk measurement tool frequently used in the field of financial management and actuarial risk theory. VaR refers to a loss level that will not be exceeded for a certain confidence level, during a certain period of time [11] . However, it can bring important inputs also for the risk of occupational accidents. In fact, VaR was already previously used to describe accident risks in different sectors and activities, such as accidents in energy sector [11] or highway hazmat shipments [12] . In the present study, VaR principles are adopted to identify the most important accident scenarios in the furniture industries.
In the methodology that we are proposing, a loss variable is defined in order to model the number of lost work days, depending on the accidents' occurrence probability and estimated number of lost days. Furthermore, expected loss, variance of loss and the Central Limit Theorem are used in the risk analysis and classification.
Risk Analysis
We consider six contact modes of injury categories, denoted by i = 1, …, 6, which occurred in the furniture industry in Portugal in 2010 (see Table 1 .). Let n be the total number of accidents and ni be the number of accidents of category i for = 1, … , 6. Note that = ( + ⋯ + + . Let -. , = 1, … , 6, denote the total number of lost days due to accidents of category i.
We define the following variables:
.
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represents the estimated number of lost days due to an accident of category i and 0 = 3 .
3
(2) the occurrence probability of an accident of category i, where = 1, … , 6.
Considering the observed values according to the dataset of the 2010 work accidents in the furniture industrial sector, provided by the Portuguese Office of Strategy and Planning (GEP), we obtain the following results listed in Table 2 . One can observe that the accident category 4 has the highest occurrence. Considering the estimated number of lost days, it is accident category 5 which implies a higher number of lost days, however its occurrence probability is low, 5 = 0.08, when e.g. compared with 9 = 0.33.
In order to analyze the risks -lost days implied by each accident category -one must take into account the occurrence probability and the estimated number of lost days of each accident category. Therefore, we define the following loss random variable
representing the lost days associated to an accident of category i, where 0 is a Bernoulli( 0 ) distributed indicator random variable, with 0 defined in (2), and 0 is defined in (1) . The expected loss and variance of the loss associated to an accident of category i are calculated as follows
In order to classify the risks, we will also determine the probability of the loss random variable exceeding 7 days (one week) and 15 days (half a month) using the Central Limit Theorem:
where = 7 and = 15.
The Value-at-Risk (VaR) is a standard risk measure in actuarial risk theory used to evaluate the exposure to risk (see e.g. Klugman et al. [13] ). Since in the present context the loss is associated with an amount of capital, the VaR is useful to predict the amount needed for each risk that exceeds the lost amount with a high degree of certainty. The VaR of a loss random variable X at the 100p% level, denoted X ( ) is the 100p percentile (or quantile) of the distribution of X . We write X ( 0 ) as the value of X satisfying Z 0 < X \ = .
In the present case we will determine the 95% quantile, setting = 0.95 in (7) . Calculating (4), (5), (6) and (7) for the loss corresponding to the six contact modes of injury categories, we obtain the results listed in Table 3 . 
Analysis and Interpretation of Results
From the results summarized in Table 3 , several findings emerge and will be presented below.
The accident category which has the highest expected loss is accident category 4 with 12.44 days, whereas accident category 1 has the lowest expected loss: 0.26 days.
Accident category 4 has a considerable probability of exceeding 15 lost days: ( 9 > 15) = 0.44. For accident category 6 the corresponding probability is half of this value: ( + > 15) = 0.22, and for accident categories 1 and 3 it is approximately null.
Considering a loss of more than 7 days, the highest probability is attained again with accident category 4, namely ( 9 > 7) = 0.62, followed by accident category 6, for which ( + > 7) = 0.47. For accident category 1, we can say that this probability is approximately null. For the contact mode of injury category 2 and 3 considering a loss of more than 7 days is approximately the same ( ( E > 7) = 0.39 = ( b > 7) = 0.36), but this reduce by half when considering a loss of more than 15 days ( ( E > 15) = 0.16 and ( b > 15) = 0.08).
The Values-at-Risk, ^._5 , in the last column of Table 3 , can be interpreted as follows. For accident category 4, since ^._5 = 41.87, there is a 95% of certainty, that the number of lost days will be less than 41.87 days, or in other words, there is a 5% chance of exceeding this number of lost days. Accident category 1 has the lowest VaR, ^._5 = 3.12. This means that the risk of exceeding 3.12 lost days with accident category 1 is 5%, or, with a probability of 0.95 the number of lost days will be less than 3.12.
Note that accident category 4 has the highest variance, [ 9 ] = 320.05, thus this also indicates that this category of accident is riskier in the sense that it can lead to extremer values of lost days, i.e. to numbers of lost days which are very higher than the expected number of lost days.
Taking into account the previous results and analysis, we can classify the accident categories and order them according to their risk level. From the results given in Table  3 , we obtain the ordering in Table 4 , where the categories are ordered from the left to the right, from the highest to the lowest risk level. We conclude that contact mode of injury 4 (contact with cutting, sharp, rough material) is the most problematic one for the industry, followed by contact mode of injury 6 (physical constriction of the body, psychic embarrassment), whereas contact mode of injury 1 (contact with electrical current, temperature, hazardous substance) is the one with lower risk level. As for injury categories 2 (crushing in vertical/horizontal movement on/against an immovable object (moving victim)), 3 (blow by moving object, collision) and 5 (entrapment, crouching, among others), which have an intermediate risk level, we can say that in terms of expected number of lost days, contact mode of injury 3 leads to a higher number of lost days, followed by categories 2 and 5.
However, considering the variance and the probability of exceeding more than 15 lost days, the results indicate that contact mode of injury 5 is more problematic, followed by injury categories 2 and 3. The probability of exceeding more than 7 days is higher for category 2; for categories 3 and 5 this probability is equal. Finally, taking into account the VaR, contact mode of injury 2 is riskier than 5 and both are riskier than contact mode of injury 3.
Conclusions
In this work a methodology which permits the risk analysis and classification of occupational accidents in industrial settings is proposed. The Portuguese furniture industry accounts for a significant part of the economy, however, the figures for accidents at work remain high. It is therefore important to analyze accident data for future measures to prevent accidents. A loss random variable is constructed in order to model the number of lost days implied by different contact modes of injuries obtained in this industry. The corresponding risk measures, such as VaR, expected loss, loss variance and exceedance probabilities are determined in order to analyze and classify the contact modes according to their risk level.
Our contribution lies in identification of the most problematic and, at the other end, the less problematic, accident category in this industry.
In accordance with the risk measures considered different results were obtained. Contact with cutting, sharp, rough material (contact mode of injury 4) is the most problematic contact mode injury obtained for the furniture industry. On the other hand, with lower risk level the contact with electrical current, temperature, hazardous substance (contact mode of injury 1). Considering the contact modes with intermediate risk level and the probability of exceeding more than 15 lost days, the results indicate that entrapment, crouching, among others (contact mode of injury 5) is the more problematic, and based on the VaR, horizontal or vertical impact with or against a stationary object (contact mode of injury 2) is the most risky contact mode of injury.
Future work will be aimed at addressing the same methodology with more current data and to analyze the development of the incidence of accidents.
